Background. Little is known regarding the impact of counseling delivered during voluntary medical male circumcision (VMMC) services on adolescents' human immunodeficiency virus (HIV) knowledge, VMMC knowledge, or post-VMMC preventive sexual intentions. This study assessed the effect of counseling on knowledge and intentions.
Also, it is unknown whether the brief counseling opportunity occurring immediately before and/or after the VMMC procedure has a measurable impact on adolescents' HIV and VMMC knowledge or post-VMMC sexual intentions, or whether these outcomes vary by adolescent age group. While other research has shown that single-session HIV counseling with adults has the potential to result in reduced sexually transmitted infection (STI) incidence and unprotected sex [10] , the impact of single-session VMMC-related counseling is unknown.
The aim of this study was to assess the effect of counseling on sexual knowledge and behavioral intention outcomes and to determine whether this varies by adolescent age group. Specifically, we aimed to assess adolescents' (1) change in knowledge of the importance of avoiding sexual practices during the VMMC healing period; (2) change in knowledge of how VMMC affects HIV risk and how to further reduce risk post-VMMC; and (3) sexual intentions post-VMMC among those who were already sexually active before VMMC.
METHODS

Ethics Statement
The Human Sciences Research Council in South Africa, Tanzania National Institute for Medical Research, Medical Research Council of Zimbabwe, and Johns Hopkins Bloomberg School of Public Health Institutional Review Board approved the study prior to data collection.
Settings and Participants
In collaboration with local investigators, federal ministries of health, and a technical advisory group, study sites were selected using a purposive cluster sampling design, as previously described [11] . Study participants (n = 1526) were adolescent male VMMC clients 10-19 years of age drawn from 14 VMMC sites across the 3 countries (South Africa, n = 446, 4 sites; Tanzania n = 540, 4 sites; Zimbabwe n = 540, 6 sites) from June 2015 to September 2016. Of the 1526 participants who received VMMC, 233 (15.3%) did not complete a follow-up survey (Supplementary Table 1 ). Loss to follow-up was greater in South Africa due to a local government election in the Orange Farm township that occurred during the data collection period. Associated community protests and restrictions on movement within the township prevented the research team from entering the area due to blockaded roads.
Procedures
In collaboration with research staff, VMMC providers or community mobilizers recruited prospective adolescent male VMMC clients as study participants. Adolescents provided consent if aged 18-19 years or assent and parent/guardian permission if a minor. Baseline surveys were conducted just before the client received preprocedure counseling. Follow-up surveys were conducted approximately 7-10 days postprocedure during the adolescents' follow-up clinic appointment or in their home if they did not attend the appointment. Trained data collectors administered the survey in a private area in the participants' language of choice (Sesotho, isiZulu, or isiSwati in South Africa; kiSwahili in Tanzania; Shona or Ndebele in Zimbabwe).
Measures
Demographics
Participants' demographic information was obtained during the preprocedure survey. Data on the types of counseling received (individual and/or group formats; pre-and/or postprocedure) were obtained at the follow-up survey.
Voluntary Medical Male Circumcision and Human Immunodeficiency Virus Knowledge
Knowledge-based items were assessed before receiving VMMC preprocedure counseling and again at the follow-up survey 7-10 days postprocedure. Items included knowledge about VMMC postprocedure care and knowledge regarding further HIV prevention behaviors. Categorical items were coded as 1 ("correct response") and 0 ("other"). Unprompted responses to "What should a male do to protect himself from HIV after circumcision?" were coded by trained interviewers into predetermined categories (Supplementary Table 2 ). Participants aged ≥13 years who reported they were sexually active (13-14 years, n = 14; 15-19 years, n = 147) were asked in the follow-up survey whether their sexual intentions had changed since VMMC. These items were examined through 5 Likert-style questions, such as "Now that you have been circumcised, will your condom use increase, decrease, or remain the same?"
Statistical Analyses
Prevalence ratio (PRs) and 95% confidence intervals (CIs) were calculated by modified Poisson regression models with generalized estimating equations and robust variance estimators to account for clustering of responses at the facility level. Hypothesized confounding factors and those shown to have an association with the outcome in univariable models (P < .05) were included in the final multivariable model. Because the primary analysis only included adolescents who participated in a follow-up survey, a sensitivity analysis was conducted using multiple imputation by chained equations to account for loss to follow-up (n = 233/1526). Selected predictors were based on unadjusted associations with outcome variables; highly collinear predictors were dropped. Twenty imputations were conducted. All analyses were performed using Stata SE software version 14.2 (StataCorp, College Station, Texas).
RESULTS
Study Population and Demographics
Data from participants who completed both the initial and follow-up surveys were included in the primary analysis of this study (South Africa, n = 299; Tanzania, n = 498; Zimbabwe, n = 496). Older adolescents had greater loss to follow-up compared to younger adolescents (odds ratio, 
Age-Related Disparities in Voluntary Medical Male Circumcision and Human Immunodeficiency Virus Knowledge
Knowledge levels about postprocedure care and post-VMMC HIV prevention in both the baseline and follow-up surveys were notably low for both age groups. They were consistently lower for younger adolescents compared to older adolescents and remained disparate even after VMMC counseling ( Figure 1 and Table 2 ). In the follow-up survey, a significantly larger proportion of older adolescents answered seven of the nine items correctly compared with younger adolescents in the univariate analyses (Table 2) . At follow-up, all 3 postprocedure care knowledge items showed significant age differences in the correct response in the unadjusted model, however, these differences were no longer significant when Prevalence ratios and 95% CIs of a correct response in the follow-up survey (see Figure 1) were calculated by modified Poisson regression models with generalized estimating equations and robust variance estimators to account for clustering of responses at the facility level. Estimates in bold have a P value <.05.
Abbreviations: aPR, adjusted prevalence ratio; CI, confidence interval; HIV, human immunodeficiency virus; PR, prevalence ratio; VMMC, voluntary medical male circumcision. a The multivariable model for each response included adjustment for country, preprocedure counseling mode, receipt of postprocedure counseling session, parent/guardian attendance at counseling session, ever had a sexual experience, and education.
b
Interviewers recorded unprompted free-response answers to "What should a male do to protect himself from HIV after circumcision?" Answers were recorded and coded into a predetermined list of categories. Relevant response categories are shown.
accounting for country, preprocedure counseling mode, receipt of postprocedure counseling session, parent/guardian attendance at the counseling session, ever having had a sexual experience, and education (P > .05; Improvements in knowledge regarding VMMC postprocedure care and post-VMMC HIV prevention were greater in the univariate analyses among older adolescents who initially provided incorrect answers at baseline than younger adolescents who initially answered incorrectly at baseline (Table 3 ). While younger adolescents had less knowledge of a majority of the items in the follow-up survey (as noted in the previous section), an age difference in positive knowledge change (incorrect to Tables 3 and 4 for sensitivity analyses of postprocedure knowledge and changes in knowledge using multiple imputation by chained equations to account for loss to follow-up. Both sensitivity analyses found results consistent with the primary analyses.) Table 4 presents factors related to improvement in the postprocedure follow-up survey for each VMMC knowledge and HIV prevention knowledge item from the baseline survey, including counseling format, parent/guardian attendance at the counseling, receipt of postprocedure counseling session, previous sexual experience, and education. For instance, parent/ guardian attendance at the counseling session was significantly associated with a lower chance of improvement for five of the nine items (Table 4) .
Age Differences in Postprocedure Sexual Intentions
For all sexual intention items assessed in the follow-up survey, there were no major differences in responses from sexually active adolescents aged 13-14 years compared to those 
DISCUSSION
Older adolescents in this study had higher levels of knowledge of both post-VMMC procedure care and HIV prevention than did younger adolescents. Even for those items where there was no significant age difference in the adjusted models, knowledge overall was notably low, especially given the fact that the adolescents received counseling within the previous 10 days. Furthermore, HIV risk reduction sexual intentions at follow-up among those who were already sexually active at baseline were suboptimal. Not all sexually active adolescents intended to increase their condom use post-VMMC, less than half noted they would use a condom during every sex act, and only onethird said they would refuse sex with someone unless a condom is used. These results suggest that VMMC counseling for both sexually active and abstinent adolescents needs to be substantially improved to increase knowledge and post-VMMC preventive intentions against sexual risk. To our knowledge, there are no other studies of the impact of adolescent VMMC-related counseling. In fact, a recent systematic review of studies addressing adolescent health service delivery for males in sub-Saharan Africa revealed a general absence of evidence-based services addressing the sexual and reproductive health needs of male adolescents, particularly for VMMC [12] . However, a few studies have examined whether HIV testing services results in reduced HIV risk outcomes for youth [13, 14] . One study in South Africa evaluated the impact of HIV testing services for youth (aged 15-24 years) on HIV incidence and found it had a protective effect, perhaps because youth are in less stable relationships and are more likely to engage with multiple sex partners, or because they have not yet formed sexual habits and are more amenable to counseling messages [13] . A meta-analysis of interventions to reduce sexual risk for HIV among adolescents in both developing and developed contexts found that multiple counseling sessions have the potential to reduce risky sexual behaviors and prevent STI transmission [15] . Single-session sexual risk reduction interventions in resource-constrained settings, which have been shown to encourage HIV preventive behaviors (such as increasing condom use), may be more feasible [16] [17] [18] . A study in South Africa found that brief, single-session HIV counseling with female and male adults had the potential to reduce the incidence of STIs and unprotected vaginal and anal intercourse, which could reduce subsequent HIV infections [10] . It is unknown whether this approach would be just as effective for adolescents. In the context of VMMC, risk reduction counseling for adolescents clearly requires further improvement to see the positive effects suggested in these other studies [19] .
The current study and previous research begs the question, what is the true impact of the counseling delivered as part of the VMMC service, particularly for young males? Should program implementers use the VMMC service as a way to bring adolescents back for counseling focused solely on HIV risk reduction at the 1-week follow-up appointment or after the complete healing period has passed? If loss to follow-up is an issue, perhaps coupling VMMC more explicitly with community-or school-based HIV risk reduction interventions is needed. Packages of interventions that train health workers, focus on improving adolescent-friendly facilities and services, and provide out-of-facility intervention components may be more effective in low-and middle-income settings [20] . Such multilevel, multicomponent interventions, while difficult to implement, may be most effective at preventing HIV for future generations [19] . While VMMC is a unique opportunity to engage young males in sexual and reproductive health services [12, 21] , this study found that the counseling provided to adolescents during the course of VMMC is insufficient. These findings are likely generalizable to other settings serving male adolescents in sub-Saharan Africa, as the study sites in the 3 countries reflect a range of geographic locations and ethnic backgrounds.
This study has limitations. Counseling received during a potentially anxiety-provoking experience may be less effective, particularly for younger males. Sexual intentions were only measured at follow-up, so it is unknown whether healthy intentions changed as a result of the counseling, remained static, or even decreased, after seeking VMMC. In addition, there may be selection bias, as only adolescents who completed the follow-up survey were included in this analysis. However, a sensitivity analysis using multiple imputation to account for adolescents lost to follow-up found nearly identical results.
There remains much room for improvement in the counseling for adolescents seeking VMMC services, particularly counseling designed to impact their knowledge and post-VMMC HIV risk reduction behaviors. The brief counseling opportunity provided during the service, while a starting point for guiding future healthy sexual behaviors, needs to be modified to enhance uptake of HIV risk reduction strategies.
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